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SYNCHRONIZING COMPUTER VISION
INTERACTIONS WITH A COMPUTER
KIOSK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation Application of U.S.
patent application Ser. No. 16/911,311, filed on 24 Jun.

2020, which 1s Continuation application of U.S. patent
application Ser. No. 16/015,180, filed on 21 Jun. 2018,
which claims the benefit of U.S. Provisional Application No.

62/523,183, filed on 21 Jun. 2017, all of which are incor-
porated in their entirety by this reference.

TECHNICAL FIELD

This mvention relates generally to the field of computer
vision, and more specifically to a new and useful system and
method for personalized interactivity with a shared com-
puter vision system.

BACKGROUND

Surveillance systems have applied basic object detection
and facial recognition for primitive forms of functionality.
However, current surveillance systems use primitive under-
standing of detected people. If a surveillance system 1s even
able to detect people, 1t will generally only identily the
location of a person as a generic person. Facial recognition
can be used 1n limited situations but because of the recog-
nition rehiability, only a small number of people may be
detected through this. Additionally, facial recognition 1is
currently vulnerable to adversarial attacks and so 1s not
suitable for use 1 many situations. This iability to under-
stand the observed subjects provides a significant number of
limitations to uses of such systems.

Additionally, large-scale applications 1nvolving computer
vision are not in active use at scale. The existing solutions
described above are poorly suited for such applications. This
contributes 1n part to the lack of rich user interactions driven
by computer vision.

Thus, there 1s a need 1n the computer vision field to create
a new and useful system and method for linking observed
human activity on video to a user account. This invention
provides such a new and usetul system and method.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a schematic representation of an exemplary
implementation of a system of a preferred embodiment;

FIGS. 2-4 are schematic representations of exemplary
forms of associations:

FIG. 5 1s a schematic representation of an exemplary
implementation of the system applied across multiple
humans 1n an environment;

FIG. 6 1s a flowchart representation of a method of a
preferred embodiment;

FIG. 7 1s a flowchart representation of a variations of
establishing associations;

FIGS. 8 and 9 are schematic representations of exemplary
variations of establishing an association with a device
instance:

FIGS. 10A-10F are schematic representations ol exem-
plary variations of establishing an association during a
pairing process ol a device istance;
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FIG. 11 1s a schematic representation of a sequence of
association mechanisms;

FIG. 12 1s a flowchart representation of attaching valida-
tion to an associative element;

FIGS. 13-15 are schematic representations of coordinat-

ing with a secondary device; and
FIG. 16 1s a flowchart representation of a variation of the

method applied across multiple humans.

DESCRIPTION OF TH

EMBODIMENTS

(Ll

The following description of the embodiments of the
invention 1s not intended to limit the invention to these
embodiments but rather to enable a person skilled in the art
to make and use this invention.

1. Overview

A system and method for linking observed human activity
on video to a user account of a preferred embodiment
functions to pair, synchronize, or otherwise associate a
computer vision (CV) detected and monitored person or
object to some other representative construct related to that
person or object. The system and method may enable novel
interaction capabilities and/or enhanced user privacy and
data control for advanced CV-based applications.

The system and method can be applied towards driving
personalized interactivity within a shared CV monitoring
system. This may enable rich user interaction experiences
that are individually focused but driven in part by CV
monitoring systems distributed in a shared environment. In
particular, the system and method can be used in large-scale
CV-dniven applications where CV-based modeling of
people, objects, the environment, and interactions 1n that
environment are used across independent and personalized
digital experiences ol different participants. For example,
these CV-driven applications can be across large environ-
ments such as a grocery store, a mall, or any suitable
environment that would depend on multiple camera 1mag-
ing. Furthermore, such CV-driven interactivity may be
enabled ad-hoc for people in the environment.

The association(s) established by the system and method
can be between a CV-person, a user-record and or a user-
account, and then preferably with some other associative
clement. The additional associative element can be a human
(wherein direct or indirect properties of a person can be used
to 1dentify a person) and/or a computing device (e.g., a
physical computing device, and/or some application
instance on a computing device). These associations can
additionally be scoped to a particular environment or space
and period of time. The system and method may additionally
support operating with different types of association
“topologies”.

A CV-person (1.e., a computer vision modeled person) as
used herein characterizes a detected and optionally tracked
physical person modeled and represented by a CV monitor-
ing system. A CV-person may, or may not, have any per-
sonally 1dentifying information or person-associated meta-
data. The CV-person will generally represent the presence of
a person 1n an environment and optionally the location,
actions, activity, CV-dernived properties, and/or other infor-
mation based on image processing. For example, a CV-
person could have a tracked location or position, body
properties (e.g., pose, clothing, or other visual properties),
and/or other properties. CV-detected events, gestures or
states may additionally be detected in relationship to the
CV-person and form part of the data model/representation of
that physical person. Here a CV monitoring system charac-
terizes an 1imaging system and/or processing system employ-
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ing computer vision to facilitate the detection and tracking
ol objects, detecting actions, and performing other CV-based
operations. Herein, the system and method 1s described as 1t
applies to CV-based modeling of people, but a CV moni-
toring system may additionally or alternatively model other
entities or objects such as animals, vehicles, automated
devices/robots, or other suitable objects.

A user-record as used herein characterizes a computer
record that 1s associated with a single human or being. A
user-record can preferably be associated with a CV-person to
uniquely identify, track, and record state of the CV-person.
A user-record will preferably include various properties.
Properties of a user-record may include personal identifiable
information, but 1t may alternatively not include any 1den-
tifiable information. A user-record in some 1mplementations
may also include payment information, user settings, user
history, privilege settings/permissions, and/or other infor-
mation. Properties of a user-record may initially use default
settings that are used as placeholders until these properties
can be updated. Properties may be updated as a result of
association with other elements or through CV-based moni-
toring ol the CV-person.

A user-record can additionally be used 1n modeling the
state of an entity within a system, which will generally be
directing in part a digital interactive experience. For
example, 1n a variation of the system and method applied to
automatic checkout powered by CV, the user-record may be
the record used to record the items selected for purchase
forming some.

A user-record can be an internal model of a human. As an
internal model of a human, the user-record could be an
ephemeral user-record that 1s preserved for essentially over
the duration that the CV-person 1s detected in the environ-
ment. For example, a user-record can be created and updated
for the duration that a shopper 1s present in a store. Addi-
tionally, a user-record may bridge the CV-modeling of a
person across non-continuous CV monitoring of a person.
For example, a first instance of a CV-person monitored 1n
one location at one particular time period and a second
instance of a CV person monitored at one location and at
second time period (e.g., there may be a gap i video capture
as the person enters an unmonitored area) could be associ-
ated with the same user-record. A user-record could addi-
tionally be persistent over multiple visits or system sessions,
wherein a user-record may be reestablished for a human over
multiple visits to the environment. As an internal model of
a human, a user may not explicitly create nor have direct
access to manage the user-record. In one vanation, the
user-record can be, include, or reference a user-account,
where at least a part of the user-record may be user managed.
In some implementations, the system and method may
operate with a unified concept of user-record and user-
account. In such an implementation, the user-record can be
a user-account with user managed authentication creden-
tials. In other implementations, verified user-accounts and
ephemeral/anonymous user accounts could be used 1n a
similar manner. Other suitable user modeling could similarly
be applied.

A user-account as used herein characterizes an account 1n
the system that can be accessed and manipulated by a user.
A user-account will generally be accompamed with some
authorization process such as a username and password or
other authentication credentials or process. The user-account
may reference a user-account of an outside system such as
a social media platform. In the exemplary use case of the
system applied to an automatic checkout, a user-account
may be used to enable a user to register an application
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4

instance, edit payment methods, change account settings,
view shopping history, edit shopping lists, and/or perform
other actions. These actions can be synchromized with the
user-account and can be performed outside of a CV-system,
but can preferably be leveraged by a CV-system when the
system and method associates a CV-person and a user-

account. In some variations, a user-account could be 1mple-
mented as an optional associative element for humans 1n the

environment. CV-driven applications may handle humans

with only ephemeral user-records as well as humans with
user-accounts.

In some variations, a user-record can optionally include or
reference (through some link or association) a user-account.
In the situations where the system and method can option-
ally use a user-account, some humans will have only a
user-record used 1n internally modeling state and referencing
CV-related data. These humans may not have a user-ac-
count. In this exemplary situation, some other humans will
have a user-record that 1s associated with or 1s their user-
account. In other implementations, only humans with explic-
itly created user-accounts may be stored. Supporting both
ephemeral/anonymous user-records and user-accounts can
have the benefit of enabling ad-hoc association of a new
user-account with an existing user-record. For example, a
user that creates a user account 1n the middle of a shopping
trip can gain access to their CV-based modeling (e.g., a
checkout list for automatic or expedited checkout) that was
tracked through a previously anonymous user-record.

As will be appreciated by one knowledgeable in the art,
the exact data model architecture of such records can take
many forms. Herein, a user-record will generally be used to
reference the generic user-record, which may or may not
have association to a user-account with authentication cre-
dentials, user-account will generally be used 1n situations
where there 1s a user-created record that the user i1s able to
authenticate 1nto unless otherwise specified.

A human as used herein characterizes a human being with
a unique 1dentity. A human 1s sometimes referred to as the
user, customer, worker, or other human label where appro-
priate. In the exemplary use case of the system applied to
automatic checkout, a human can be someone who 1s a
shopper, a worker 1n the store, or 1s otherwise present in the
environment. A human could similarly generalize to other
living or non-living enfities such as farm ammals, pets,
vehicles, robots, and the like. Heremn, we will primarily
reference humans but one knowledgeable in the art would
appreciate that the system and method are not limited to use
with humans.

A device instance as used herein characterizes a unique
instantiation of a statetul device present in the environment.
A device 1nstance 1n many cases 1s a computing device such
as smart phone, a wearable computer, a tablet, a personal
computer, or a computing kiosk/station. A device instance 1s
preferably uniquely 1dentifiable. In some cases, the device
instance 1s more specifically an application instance on a
device such as an application istalled by a user. Here,
instance 1s used to distinguish a unique installation and
instantiation of an application on a particular device. Con-
tinuing with the use case of the system applied to automatic
checkout, the application instance can be an application of
the automatic checkout service that a shopper can use to
view their currently selected 1tems, to complete checkout, to
modily settings, and/or perform other tasks. In some
instances, the system and method can facilitate synchroniz-
ing the state of the application instance with the user-record.
A device instance can additionally be computing devices
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accessible within the environment such as a point of sale
(POS) payment kiosk, a help kiosk, or any suitable type of
computing device.

An association as used herein 1s some variation of sym-
bolic linking or connecting of at least two associative
clements selected from the set of a CV-person, a user-record,
user-account, a device instance, and/or a human. More
preferably, the association 1s a three-element association of
a CV-person and a user-record with at least one of a
user-account, a device instance, and or a human. A CV-
person 1s preferably detected and then matched to a corre-
sponding identifying associative element. The identifying
assoclative element can be a device instance, human, or an
identifier of a user-account. The 1dentifying associative
clement may then be linked to a user-record. Arbitrary
complex association topologies may be established as shown
in FIG. 1.

An association that includes a human association as
shown 1n FIG. 2 can provide positive confirmation of that
human. An association with a human can be through bio-
metric detection of the human through the CV monitoring,
system. A human association could also be indirectly estab-
lished through biometric identification through a device/
application. A human association could additionally use
other 1dentifying properties of a human such as interaction
patterns (e.g., shopping patterns), clothing patterns, patterns
in accompanying humans, and/or other properties.

An association that includes a device 1instance association
as shown 1n FIG. 3 can establish state synchronization with
the device and/or application. Interactions with an app can
influence the CV monitoring system and similarly detected
information from the CV monitoring system can be pushed
to the device or application instance.

An association that includes a user-account as shown 1n
FIG. 4 can establish state synchromization with the user-
account to leverage stored user associated data and settings.
Stored settings of an account can influence the CV moni-
toring system and similarly detected information from the
CV monitoring system can be used to update the user-
account.

An association with a user-record preferably provides a
level of indirection between the CV-person and 1dentifying
associative elements so that CV modeling updates can be
resilient to delays in establishing an identifying association
or changes 1n associations.

An association 1s preferably maintained during the dura-
tion of the CV-person (e.g., duration of a shopper shopping
in a store). The association 1s preferably maintained across
multiple visits to multiple stores—the association will gen-
erally be reestablished for each visit. The system and method
can facilitate the establishment and/or reestablishment of the
association. An association can additionally be expanded to
include other associative elements. Elements of an associa-
tion could however undergo permanent disassociation (e.g.,
removing a device instance) or temporary disassociation
(e.g., disassociating a user-account for anonymous shopping
during a single visit).

An association topology generally describes a collection
ol associations to different associative elements. Diflerent
topologies may lend themselves to different capabilities.
Different interaction experiences may also depend on or
benelit from particular types of topologies. The association
topology may additionally mvolve the type of association
that was established. The type of association can be linked
to different levels of 1dentification confidence, privileges, or
other aspects. For example, i1dentification of a computing
device using one technique may be treated differently from
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identification through another technique. Additionally, asso-
ciations can be remnforced or occur at different times and/or
locations to athrm the correct association. Furthermore,
understanding of associations can be applied longitudinally
with the monitoring of a person, which 1s to say, an asso-
ciation established at one point 1n time could be applied to
future occurrences or retroactively applied, even altering
previous state based on the new association information. In
viewing the interaction experience as being based around an
association topology, the system and method could addi-
tionally be extended to providing shared digital experiences
and interactions for groups. In this way, multiple humans
and/or multiple devices may have a shared digital experi-
ence. For example, a family shopping together would be
represented as multiple CV-people, but those modeled inter-
actions may all be linked back to a shared family user-
account.

The environment as used herein characterizes the site
where a CV monitoring system 1s installed and operational.
The system and method can be made to work for a wide
variety of environments. In a preferred implementation, the
environment 1s a shopping environment such as a grocery
store, convenience store, micro-commerce & unstatfed
store, bulk-item store, pharmacy, bookstore, warehouse,
mall, market, and/or any suitable environment that promotes
commerce or exchange of goods or services. In alternate use
cases, the environment can include a household, an oflice
setting, a school, an airport, a public/city space, a gym,
and/or any suitable location. The environment can be a
locally contained environment but may alternatively be a
distributed system with wide coverage.

The system and method may be used for any suitable
video monitoring application. In particular, the system and
method 1s for CV-based computing applications, which may
include automated self-checkout, mnventory tracking, secu-
rity surveillance, environmental event detection and track-
ing, and/or other suitable applications.

Herein, automatic self-checkout i1s used as the main
exemplary application of the system and method, but any
suitable application may be used. Automatic self-checkout 1s
primarily characterized by a system or method that generates
or maintains a checkout list (1.e., a virtual cart) during the
shopping process of a customer (or group of customers) with
the objective of knowing the possessed 1tems when a cus-
tomer leaves a store. An automatic checkout system may
additionally automatically charge an account of a customer
for the total of a checkout list (e.g., predicted list of 1tems
selected for purchase). The automatic checkout system
could alternatively be used to expedite entry of items for
payment. The system and method as described herein can be
used to synchronize a CV-person and a resulting generated
checkout list (as detected in part or whole through the CV
monitoring system) with a user-record, user-account, device
istance, and/or a human. This could then be used to enable
automatically charging of a stored payment method, autho-
rizing purchase of restricted 1tems (e.g., alcoholic beverages
and the like), or execute other tasks.

The system and method may alternatively be used to
account for the removal of a good by a customer such as 1n
a library, a rental store, a warchouse, or any suitable 1tem
storage facility and update an associative element appropri-
ately. The system and method may alternatively be used to
permit or restrict access to locations, to charge for such
access, to enable authentication with shared computing
devices, or for any use case. The system can be made to
work for a wide variety of shopping environments such as
grocery stores, convenience stores, micro-commerce &
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unstatled stores, bulk-1tem stores, pharmacies, bookstores,
warchouses, malls, markets, and/or any suitable environ-
ment that promotes commerce or exchange of goods or
services. The system and method can also be used 1n other
situations or 1n other environments.

The system 1s primarily described as employing a network
of multiple video monitoring nodes. The system could
additionally be applied to a single camera and optionally
audio monitoring and may additionally include other forms
of sensing that may be used independently or 1n combination
with video monitoring. These might include lidar, sonar,
infrared, ultraviolet, radio frequency, capacitance, magnetic,
scales, pressure, volume, climate sensing, and the like.

As one potential use, the system and method can be
applied for managing permissions within a CV-based com-
puting application. The type of association and method of
establishing associations can be used i1n enabling or dis-
abling different permissions. For example, establishing an
association with a user-account with payment information
can enable permissions for automatic seli-checkout where
the user can stmply walk out of a store. In another example,
establishing an association to a human with confirmed age
verification can enable permissions for purchase of alcohol
or other restricted products. Permissions may be used in
managing other connected devices. For example, the system
and method could be used as an authentication mechanism
that alleviates a user from needing to provide login creden-
tials when using a shared device. In another example, the
system and method could use permissions to automatically
unlock a door for permitted humans.

As another potential use, the system and method can be
applied for synchronizing user-account data or application
state to CV-based monitoring of a CV-person. For example,
alter establishing an association of a shopping application
instance and a CV-person, a shopping list created on the
application instance could then be used to mform the CV
monitoring system on how to better monitor the CV-person.
In another example, a checkout list may be created through
monitoring of a CV-person, that checkout list can be syn-
chronized to an application instance of the human after
establishing an association with that application instance.
This may even be performed independent of the user having
ever used the application before or creating a user-account.
This synchronization of state between a CV monitoring
system and a device or application can similarly be applied
to devices 1n proximity to or, more preferably, used by a user.
For example, the system and method can be used to syn-
chronize information with a publicly accessible kiosk when
the human walks up and starts interacting with the kiosk.
From the perspective of the human, the kiosk would seem-
ingly automatically recognize them and personalize the
interactions. In one variation this may be used in coordinat-
ing communication of user-record data such as a checkout
list with store installed computing devices like a POS
system. For example, a checkout list generated for a CV-
person could be communicated to a POS system when the
CV-person becomes associated with the POS system after
the CV-person 1s within some spatial proximity of the POS
system.

As one potential benefit, the system and method can
enable dynamic management of permissions for CV-based
computing applications. Similarly, the system and method
may additionally provide multiple factors for establishing
and validating associations usable 1n setting permissions and
authenticating identity. As shown 1 FIG. 1, a complex
association topology could be formed using different asso-
ciative mechanisms. A CV identification system could 1den-
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tify a human as “Bob”. Phone and a smart watch could be
detected 1n one or more ways. The devices can be matched
to a user-record that i1s associated with a CV-person. A
user-account could be identified and linked based on the
user-account signed into the application instances. And a
fingerprint scanner on a smart phone may be used to provide
human 1dentity association using a second form of biometric
identification. Other suitable topologies can similarly be
formed.

As another potential benefit, the system and method can
enable richer applications within CV-based computing
applications by synchronizing state and data between a CV
monitoring system, accounts, devices, and/applications. In
some respects, this can enable public sensing systems like
the CV monitoring system to be used for private computing
interactions on a personal device. In another related potential
benefit, this state and data sharing coordinated through the
CV monitoring system may enable personalized use of
public computing devices or smart devices. These poten-
tially real-time, personalized digital interactions can happen
as a result of the system while the CV monitoring systems
are also simultaneously offering such interactions across
multiple humans as shown i FIG. 5.

As one 1solated example of the rich interactions enabled
by the system and method, a shopper without having
installed any application or setup an account can enter a
store powered by a CV-based automatic checkout system.
By entering the store, a CV-person 1s established, and a
checkout list can be built based on the actions of the shopper.
During the shopping experience, the shopper may learn of
and 1nstall the application of this automatic checkout sys-
tem. The system and method could automatically establish
an association with that application instance and synchro-
nize the checkout list of that shopper to their application.
The shopper could then use the application to complete an
automatic checkout even though the shopper only learned of
the system in the middle of shopping. This example can
exemplily one potential benefit of enhanced on-boarding.

As one potential benefit, the system and method can
feasibly scale the number of CV-persons monitored. The
number of CV-persons may be scaled indefinitely or scaled
to a sutliciently high number to support the humans present
in the environment. This can be particularly important to
shopping environments where hundreds of customers pass
through the environment on a daily basis.

As another potential benefit, the system and method can
provide enhanced privacy and customization. The system
and method can accommodate user customization of settings
and management of data.

As a related benefit, the system and method can be
flexible to gracefully handle a variety of forms of associa-
tions. Different forms of associations may enable or direct

different experiences within a CV-based computing appli-
cation.

In a store CV-based computing application, the system
and method could establish different forms of associations
that accommodate a variety of types of users ranging from
low-participation customers, moderate-participation cus-
tomers, and high-participation customers.

As an example of a low-participation customer, Bob does
not own a phone and does not want to create an account. The
system and method can still be used to create a checkout list
for Bob and then synchronize the checkout list to a seli-
service checkout kiosk or POS station where Bob can pay
through card, cash, or another mechanism. From Bob’s
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perspective the checkout process 1s accelerated as a check-
out list was transparently used to automatically update the
checkout kiosk/POS station.

As an example of a medium-participation customer, Ellen
may 1nstall an application and/or setup a payment mecha-
nism with a user account. However, Ellen, preferring a
simple experience, does not use the application in the store.
The system and method can facilitate the creation of a
checkout list for Ellen, associating the checkout list with her
application instance and/or user account and then automati-
cally charging the configured payment method when leaving
the store. Device instance association may be established
transparently from the point of view of Ellen when associ-
ating her device and thereby her user-account to the user-
record. Ellen may receive a checkout confirmation message
alter completing her shopping.

As an example of a high-participation customer, Angela
may be a heavy user of the application and setup a shopping
list prior to entering the store. Within the store, Angela likes
to review the current total of selected 1tems, see the items
from her shopping list not yet selected, and get information
on where her next shopping list items are located. Informa-
tion from the CV monitoring system can be synchronized in
real-time to Angela’s application and interactions within the
application can similarly be synchronized to the CV moni-
toring system. Like Ellen she may also have a payment
mechanism setup so that she can leave with being automati-
cally billed. The system and method can assist 1n coordi-
nating these interactions for Angela.

The system and method may be applied to a variety of
user experiences and features. These examples are not
intended to limit the system and method, which could be
understood by one knowledgeable 1n the art.

2. System

As shown 1 FIG. 1, a system for personalized interac-
tivity with a shared computer vision system of a preferred
embodiment can include a CV monitoring system 110
integrated with an imaging system 112. The CV monitoring
system 110 1s preferably used within a computing platform
100 managing a user interaction experience. The computing
plattorm 100 will preferably include a data management
system 130 and other supplementary system elements of a
computing platform 100, service, or application. The system
may additionally include or interface with a user application
and/or connected computing devices. In some variations, the
system can include a proxy interface device 140.

A CV monitoring system 110 functions to process and
generate conclusions from one or more sources ol 1mage
data. The CV monitoring system 110 can provide: person
detection; person identification; person tracking; object
detection; object tracking; extraction of information from
device mterface sources; gesture, event, or interaction detec-
tion;, and/or any suitable form of information collection
using computer vision and optionally other processing tech-
niques. The CV monitoring system 110 1s preferably used to
drive CV-based applications such as generation of a check-
out list during shopping, tracking inventory state, tracking
user interactions with objects, controlling devices in coor-
dination with CV-derived observations, and/or other inter-
actions.

The CV monitoring system 110 preferably operates in
connection to an 1maging system 112 installed 1n the envi-
ronment. The imaging system 112 functions to collect image
data within the environment. The imaging system 112 pret-
erably includes a set of 1mage capture devices. The imaging
system 112 might collect some combination of visual, inira-
red, depth-based, lidar, radar, sonar, and/or other types of
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image data. The imaging system 112 1s preferably positioned
at a range of distinct vantage points. However, in one
variation, the imaging system 112 may include only a single
image capture device. The image data 1s preferably video but
can alternatively be a set of periodic static 1images. In one
implementation, the imaging system 112 may collect image
data from existing surveillance or video systems. The image
capture devices may be permanently situated in fixed loca-
tions. Alternatively, some or all may be moved, panned,
zoomed, or carried throughout the facility in order to acquire
more varied perspective views.

A computing platform 100 functions to coordinate or
otherwise execute some application, service, or workflow. In
a preferred implementation, the computing platform 100
facilitates executing a digital user interaction experience.
For example, the computing platform 100 may facilitate a
user interaction experience around or related to automated
checkout and/or expedited checkout for customers. The
computing plattorm 100 may include local computing
resources at the environment to coordinate with devices
present 1 the environment. The computing platform 100
may additionally or alternatively be remote computing
resources wherein local computing systems 1n the environ-
ment communicate and coordinate over the internet (or other
communication channel) with resources of the computing
platiorm 100.

The computing platform 100 preferably includes or oth-
erwise 1nterfaces with the CV monitoring system 110, which
functions to detect and model CV-people and/or other CV-
based information. The computing platform 100 may addi-
tionally include or otherwise interface with one or more
associative element momitoring system, which functions to
establish an association with one or more associative ele-
ment. The computing platform 100 can additionally include
a data management system 130, which functions to manage
and maintain user-records and/or user-accounts or other data
modeling resources to support the objectives of the system.

The association monitoring system 120 functions as an
associative or synchronization mechamsm to establish one
or more forms of association with a human and/or a com-
puting device. In some variations, the association monitor-
ing system 120 1s part of another system element such as the
CV monitoring system 110 and/or for an application service
of the computing platform 100 to coordinate with a com-
puting device instance (e.g., a user app). In other vanations,
the association monitoring system 120 can be an active
sensing or mterrogation system such as a wireless commu-
nication system, an RF/NFC interrogator, Bluetooth beacon,
an audio sensor system, a specialized CV monitoring sub-
module, specialized application service, or other suitable
type of system. In the variations that use an application
instance to detect a device, the system may include an
application service which functions to manage substantially
real-time communication and interaction with application
instances installed and operating on a user’s device. The
system may include one identification system, but may
additionally include multiple types of association monitor-
ing systems 120 that can be used redundantly or coopera-
tively.

A wireless communication system can function to monitor
and detect the presence of device signatures in the environ-
ment. Multiple wireless communication units (e.g., Wi-Fi
routers, RE/NFC 1interrogators, and the like) can be posi-
tioned throughout the store. Their distributed location can be
used to correlate the detection of a device signature with at
least an approximate location. Bluetooth beacons could be
used 1n a similar manner.
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A specialized CV monitoring submodule can perform
some form of CV-based analysis to assist in detecting. In one
variation, this may include performing biometric 1dentifica-
tion or classification of CV-person. One specialized CV
submodule could perform activity classification or modeling 5
for a CV-person which could be matched to motion patterns
detected from a special motion detection application service
enabled on a device. In a similar manner, a CV monitoring
submodule could detect particular gestures performed by a
user. Another specialized CV monitoring submodule could 10
detect visual patterns displayed by a computing device. A
variety of types of CV monitoring submodules may be use.

An audio sensor system may function to detect audible
signals in the environment. In one variation, audio signals
detected by a computing device could be mapped to audio 15
signals detected by microphones installed throughout the
store. This could be used 1n determining approximate loca-
tion. In some instances, specialized and potentially nearly
iaudible signals could be output by the computing device
and/or speakers 1n the environment. Detection of these 20
unique signals by the device and/or microphones distributed
in the environment could function to determine location and
thereby selecting a candidate pool of CV-people for a
computing device.

The data management system 130 functions to store 25
user-records and/or user-account information. The system
will generally include other elements to support the CV-
based computing application and/or to provide a platform
tor CV-based computing applications implemented 1n mul-
tiple stores and/or for diflerent use cases. The user-records 30
and/or user-accounts may be linked or otherwise pre-asso-
ciated with one or more types of identifying associative
clements. For example, CV-based 1dentification of an indi-
vidual may generate an i1dentity signature that 1s associated
with a user-record. In another example, an identifier for a 35
particular device instance may be associated with a user-
record such that when that device instance 1s detected 1n the
store, the mapped user-record can be i1dentified and
accessed.

User Applications and/or connected computing devices 40
function as client devices that may participate 1n CV-based
computing applications. In a preferred implementation, a
user application of the store and/or operator of the CV
monitoring system 110 can be made accessible to users of
the CV momnitoring system 110 (e.g., customers of a store). 45
The user application can {facilitate associating a user-ac-
count, providing biometric authentication through the device
(e.g., ingerprint, voice recognition, facial identification or
other forms of biometric authentication), collecting user
input, and/or performing other tasks. A connected computing 50
device can be computing devices that may be installed or
provided within the environment. The connected computing,
devices may be customer service kiosks or stations, net-
worked smart devices (e.g., smart lock, smart lights, etc.), a
worker station, and/or any suitable computing devices. 55

A user application instance or a connected computing
device are preferably addressable endpoints within the sys-
tem such that the CV-system or an alternative component
can transmit data or information can be communicated to the
user application instance or the connected computing 60
device. An SDK and/or API may be provided such that third
party applications can establish such integration with a CV
monitoring system no and/or platform.

The system may additionally mclude computing devices
installed within the environment. In one variation, the envi- 65
ronment-installed computing devices are configured and
directly integrated with the system and computing platform
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such that they can be accessed and controlled at least 1n part.
In another vanation, the system may include a proxy inter-
face device that functions as a gateway or edge device that
facilitates communication and interactions with outside
devices. In this variation, existing computing devices like a
POS system could be used with the system without making
direct changes to the existing computing devices.

The proxy interface device 140 of a preferred embodi-
ment functions to be a system controllable device/resource
that interfaces with environmentally installed computing
infrastructure. In some vaniations, the proxy interface device
140 impersonates an expected form of data entry. A pre-
terred variation of the proxy interface device 140 1s used to
interface and augment an existing payment system. In one
variation, the proxy interface device 140 1s used expediting
the checkout process by assisting in the entry of product
information into an existing POS station. In another varia-
tion, the proxy interface device 140 may be used 1n assisting
in delivering pre-authorized payment mechanisms so that a
user could pay possibly without any explicit action (other
than perhaps confirming payment/purchase).

Interfacing with an environment-installed computing
device and/or a proxy interface device 140 would have
applications 1n other areas as well. For example, in a
restaurant, a digital ordering kiosk could automatically bring
up a customized ordering interface (e.g., showing customer
order history, starred 1tems, personalized recommendations,
loyalty reward options) based on CV-based identification of
the user. In a gym, a user may be able to walk up to a device
distributed through the gym and a personalized user inter-
face can be automatically presented based on CV-based
identification of the user and/or previously tracked activity
in the gym. In an airport setting, a check-in kiosk could be
controlled to automatically enter ticket information. These
and other applications could be implemented through the
system and method using a proxy interface device 140
and/or directly connecting to the appropriate computing
device.

A proxy imterface device 140 preferably emulates an input
device for a target computing device. For example, the proxy
interface device 140 could be a keyboard or barcode scanner
emulator (1.e., product entry emulator). The proxy interface
device 140 may alternatively communicate data that then
uses an 1installed service to communicate with or otherwise
interact with a target computing device.

A proxy interface device 140 preferably includes a com-
munication module and a device interface module. The
proxy interface device 140 may additionally be delivered as
an attachment device encased within a body structure. The
proxy interface device 140 may additionally include addi-
tional ports. In the checkout station use case, the proxy
interface device 140 can include a product entry interface
module so that the proxy interface device 140 can be
connected between a barcode scanner and a checkout sta-
tion.

The proxy interface device 140 communicatively couples
the system (more specifically the CV-based monitoring
system) with a computing device. A preferred implementa-
tion, the computing device 1s a point-of-sale checkout sta-
tion, but the communicatively coupled computing device
could be any suitable type of computing device such as an
informational computing kiosk or computing devices for
other purposes.

The communication module functions to allow the device
to be remotely controlled. The communication module can
preferably communicatively couple with the CV-based
monitoring system. The communication module 1s prefer-
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ably a wireless communication module where the wireless
communication module can include Wi-Fi communication

module, a Bluetooth or RF communication module, a cel-

lular communication module, or any suitable type of com-
munication module. The communication module could addi-
tionally be a wired communication module wherein the
proxy interface device 140 communicate over a wired or
physical connection.

The communication module 1s preferably registered to the
CV-based monitoring system. The communication module
can additionally be registered in association with a target
computing device. The location and/or target association
could be registered during an enrollment period. As part of
the enrollment process, the proxy interface device 140 could
be registered and manually, automatically, or semi-automati-
cally associated with that location and connected computing
device (e.g., a POS station). In one variation, the proxy
interface device 140 could include an active or passive
identifier to announce 1itself to the CV monitoring system for
registration and location determination.

The device interface module, which functions to commu-
nicatively connect or interface to one or more computing,
devices. In one variation this could be a wired connection.
In one example, the proxy interface device 140 connects to
a POS station through a port typically used by a barcode
scanner. In some 1implementations 1t may replace a connec-
tion of a barcode scanner. In other implementations it may
be connected to the POS 1n addition to one or more barcode
scanners. In another variation, the proxy interface device
140 and/or the computing platform more generally can
wirelessly communicate with a computing device like a
checkout station.

The proxy interface device 140 may connect to a checkout
station through the device interface module using a standard
clectrical mterface like a USB interface or other data port.
The proxy interface device 140 and more specifically the
device interface module can generate and transmit the
appropriate electrical signals for communicating with the
checkout station. Product entry module 1n a preferred imple-
mentation can transier the universal product codes (UPCs)
of the modeled checkout list. For some POS stations this can
be UPCs communicated as simulated keyboard entries.
These can be transierred in some serial sequence such that
from the POS station it appears as rapidly entered products.
The product entry emulator may additionally include an
interface to one or more product entry devices (like a
barcode scanner or a keyboard) such that the product entry
emulator can be used 1n line with such entry devices as
shown 1n FIG. 17.

The product entry interface module can be a correspond-
ing communication port to that used by the device interface
module. This 1s preferably used so that use of the proxy
interface device 140 preserves the option of the checkout
station from using existing infrastructure like a barcode
scanner. Accordingly, the product entry interface module
could be a female USB port. Data recerved through this port
may be automatically relayed through the device interface
module to the connected computing device. Additionally or
alternatively, data received through the product entry inter-
tace module can be captured and/or optionally processed. In
a preferred implementation, UPC data collected through the
product entry interface module can be relayed to the con-
nected checkout station, but also communicated to the
computing platform. This can be used as training data for
CV, Al, and/or machine learning algorithms. Especially
since, product mmformation received through the product
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entry interface module will generally occur when there was
an exception or i1ssue with generating a checkout list.

The proxy interface device 140 can preferably be encased
in a rigid structure. The proxy mterface device 140 will
additionally include a microprocessor or other form of
processing unit along with memory, power system, and/or
other suitable elements. The proxy interface devices 140
may be used for each checkout station. Alternatively, a
single proxy interface device 140 may interface and manage
multiple checkout stations.

The proxy interface device preferably includes user inter-
face elements. The user interface elements are preferably
provided to communicate with a user of the connected
computing device. For example, the user interface elements
can function to facilitate conveying system state and option-
ally collecting user input from a worker managing a POS
station. User interface elements may additionally or alter-
natively be configured for use by other users like a customer.

In one preferred variation, the user interface elements
include one or more forms of a user interface output. A user
interface output could be a visual output, an audio output, a
tactile output, and/or any suitable type of output.

A visual output could be some form of a visual indicators
(e.g., LED lights or gauges) or even a graphical display. In
one implementation, an indicator light(s) could signal when
a checkout list 1s transferred/received for updating a POS
system. For example, the display could blink green when a
customer’s selected items are automatically entered into a
POS station thereby signaling to the worker that they do not
need to scan items for entry and proceed to finalizing
payment. Additionally or alternatively, the wvisual output
could indicate when a checkout list cannot be automatically
entered, 1f part of the checkout list can/was entered, and/or
any other suitable exception. In another implementation, a
graphical display could visually display the virtual checkout
items that were relayed or suggested for being relayed to a
POS station. The worker may even be requested to verily the
list and select an option to enter them into the POS station.
Changes could be made 1t a mistake was made. These
changes could be relayed back to the CV-based monitoring
system as feedback for quality control and monitoring
enhancements.

An audio output could be used along with a visual output
or by 1itself. An audio could be an audible tone or signal that
triggers for different events. For example, there could be a
tone or jingle that plays when a customer with valid check-
out list approaches the “primary position” of the POS station
(1.e., the person/group ready for checkout) which can 1ndi-
cate to the worker that they can skip the scanming/entry of
items. Similarly, a tone may play when a checkout list 1s not
available or not valid for entry, which can indicate to the
worker that they should manually enter 1tems selected by the
custometr.

The user interface elements could similarly include user
mput elements like buttons, dials, touch screens, micro-
phone (for audio commands), and the like. These may be
used 1n various ways to allow the worker to mput informa-
tion or communicate with the system. In one implementa-
tion, 1tems are not automatically entered into a POS station
until a worker positively confirms the items for entry.

A preferred variation of the proxy interface device 1s one
that interfaces with a POS station for the purposes of
relaying item information based on a checkout list generated
by the CV-based monitoring system.

3. Method

As shown in FI1G. 6, a method for linking observed human

activity on video to a user-record within a computing
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platiorm used for managing a user interaction experience ol
a preferred embodiment can include detecting and tracking
a human as a CV-person within an environment S110,
establishing an association between the CV-person and at
least one associative element S120, and directing the user
interaction experience at least in part based on the combi-
nation of the modeled person of the computer system and at
least the user-record S130. Establishing an association
between the CV-person and at least one associative element
S120 further comprises wherein the association with the
associative element 1s thereby used 1n associating the CV-
person and a user-record linked through the associative
clement. One or more association mechanism can be used 1n
detecting the associative element. The method can be
applied to setting and enforcing permissions within the
context of the CV monitoring system S132, for synchroniz-
ing state at a device mstance with the CV monitoring system
S134, and/or for controlling a connected device within the
environment in coordination with a CV-person and at least
one associated element S136. The method 1s preferably
implemented by a system as described above, but any
suitable system may implement the method.

Block 5110, which includes detecting and tracking a
human as a CV-person within an environment, functions to
establish a CV-person within an environment. Block 5110 1s
preferably implemented through or in connection with a CV
monitoring system, which could be part of a computing
platform such as was described above. Detecting and track-
ing a human as a CV-person preferably includes collecting
image data and applying person detection computer vision
processing to the image data.

Image data 1s preferably collected and then processed by
the CV monitoring system. When a human enters an envi-
ronment with an operating CV monitoring system, the CV
monitoring system can acquire the human as a CV-person.
That CV-person can be tracked during the human’s time 1n
the environment. Continuous tracking may be maintained,
but the system could additionally handle discontinuous
tracking where tracking of a CV-person may be lost tem-
porarily and then reacquired. Modeling of a CV-person 1s
preferably abandoned, expired, or made inactive after the
CV-person exits an environment.

Detection and tracking are preferably facilitated through
various computer vision approaches. In one implementation,
tracking may be achieved through a visual “lock™, wherein
movement between frames of a detectable CV-person can be
tracked. A physics or modeling system can be mtroduced to
facilitate tracking the CV-person across Irames and to
recover when a user 1s temporarily or partially occluded.

Detection and tracking may additionally use human iden-
tification. Human identification can include biometric iden-
tification such as facial identification, gait identification,
voice 1dentification and the like. Human 1dentification may
additionally include more general characterizations of a
human such as visual properties, clothing properties, height
and weight estimations, age estimation, and/or possession
properties (e.g., holding a bag, using an 1dentifiable shop-
ping cart, etc.). Human 1dentification can be used to uniquely
identily a human but may additionally be used to reduce the
possible candidates of 1f not uniquely 1dentifier the 1dentities
of humans within an environment. Tracking a CV-person
could use human identification to assist 1n reacquisition of
that CV-person.

In addition to detecting and tracking of a CV person, the
CV-system can additionally provide additional CV-based
analysis of the image data such as object detection, object-
human 1nteraction detection/classification, human gesture
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detection, and/or other suitable forms of CV-based modeling
based 1n part on the image data. For example, in a shopping
environment, the items selected by a CV-person and/or
added to a cart of a CV-person can be added to a checkout
l1ist, which can be modeled and stored i1n association with
that CV-person. The CV momitoring system can sense and
generate predicative models based on i1mage data and
supplementary data sets (e.g., shopping history, user profile
information, product information, etc.). The CV monitoring
system may additionally work 1 combination with other
sensing systems such as a smart shelving system with
sensors, an RFID sensing system, 3D spatial sensing system,
and/or any suitable type of environmental sensing system.

Block S120, which includes establishing an association
between the CV-person and at least one associative element,
functions to synchronize and/or link a computer vision
derived model of a human to at least one other data model
related to the human. Preferably, at least one association 1s
established to an associative element. This associative ele-
ment may function as a human identifier or entity identifier.
In some variations, this human or entity identifier could be
token-based (e.g., like a device associated with the human),
biological-based, or pattern-based (e.g., behavioral pattern
detection). In general, the method 1s preferably executed so
as to establish an association with a user-record and/or
user-account.

Block S120 may occur at any suitable time and/or place
in the environment. Additionally, multiple types and/or
instances of associations may be established for a particular
human. In some varnations, multiple associations may be
established at different times, which can work to provide
multiple factors of identification and/or to appropnately
augment the confidence of a mapping between a CV-person
and a user-record. These associations can additionally act as
additional factors 1n having high confidence 1n other asso-
ciations like when associating a CV-person with environ-
ment-installed computing devices like a checkout station.

Establishing an association with a user-record and/or
user-account 1s preferably established through at least one
identifying associative element like a device instance, appli-
cation instance, and/or a human identifier. One or more
associative mechanisms may be used to establish the asso-
ciation. With an association established to an i1dentifying
associative element, the identifying associative element can
be used to indirectly establish an association with an appro-
priate user-record or user-account. The user-record or user-
account can be stored and queried using a key, i1dentifier,
signature, or properties acquired from the 1dentifying asso-
ciative element. Accordingly, block S120 will generally
include establishing an association between the computer
vision modeled person and at least one associative element
and thereby associating the computer vision modeled person
and a user-record linked through the associative element.
Effectively, the method establishes a three-element associa-
tion between: a CV-person; one or both of a user-record and
user-account; and at least one of a device instance, an
application instance, and/or a human identifier.

An association to a user-record, which may specifically be
a user-account, can expand the understanding of a CV-
person to platform-managed data and/or to a historical
record ol the human entity. In an automated checkout
implementation, payment information, shopping history,
personalized loyalty program rewards, and/or other infor-
mation may be exposed for use in combination with CV
modeled data.
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An association to a user-record 1s preferably made 1n
connection with some 1dentitying association such as with a
device 1nstance association or association with human 1den-
tity.

An association to a device instance (or 1n some variations
an application instance) can facilitate identifying a human
associated device. The association with the device instance
may further enable a communication link between the CV
monitoring system and a device and/or application that 1s
accessible to the corresponding human. An association to a
human i1dentity may enable authentication of the 1dentity of
the human corresponding to the CV-person. In one variation,
an association to a human can be performed directly through
CV-driven analysis of the CV-person. For example, biomet-
ric 1dentification may be used. In another variation, authen-
tication and more specifically biometric authentication may
be facilitated by an accessible computing device such as a
personal computing device or kiosk using biometric authen-
tication.

Establishing an association with a CV-person can mvolve
the use of one or more associative mechanisms for estab-
lishing associations. Diflerent associative mechanisms may
have different levels of reliability, security, and/or be usable
for adding associations to diflerent associative elements. A
subset of these associative mechanisms may be classified as
system 1nitiated associative mechanisms and another subset
ol associative mechanisms may be classified as user-initi-
ated associative mechanisms. Establishing an association
may involve include executing vanations of such associative
mechamisms as shown 1n FIG. 7.

System-initiated associative mechanisms can leverage
natural conditions without depending on some form of
active user participation to work. System-initiated associa-
tive mechanisms can be used 1n automatically establishing at
least part of an association. They will generally operate 1n
the background and may be transparent to a user. System-
initiated associative mechanisms may be used in establish-
ing an association automatically—possibly without active
participation by a human at the time of association. Three
potential types of system-initiated associative mechanisms
can be biometric, passive, and active.

A biometric type of system-initiated associative mecha-
nism preferably uses biometric iput collected 1n real-time
from a CV-person in the environment. This biometric 1den-
tification can preferably be performed remotely through the
image data used by the CV monitoring system. Biometric
identification may be used in combination with other asso-
clative mechanisms to increase the confidence 1n biometric
identification. For example, using device signature detection
and/or gross device location information, the candidate pool
of user identities can be reduced such that the confidence 1n
biometric 1dentification can be made more resilient. A facial
recognition CV process could be configured to identity a
face out of a pool of 300 candidates near the store location
as opposed to millions of potential candidates encountered at
some time across many sites.

A passive type of system-initiated associative mechanism
can be an “always on” technology that 1s typically exposed
by a computing device carried by a human. These signals
may be unique to each device or at least provide distin-
guishing features within a limited sample of devices, and
therefore can be used to form connections between devices
and CV-persons with a relatively high degree of certainty.
Passive associative mechanisms may not establish a posi-
tively confirmed association 1n some situations since devices
can be shared or stolen, but passive background device
detection may be used to establish a probabilistically likely
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association and/or to narrow the scope of associative ele-
ments for other association techniques like the automatic
biometric analysis above. Such signals can include Wi-Fi,
Bluetooth, MAC addresses, cellular signature and the like.
Such signals may not be 100% accurate associations because
smart devices can be shared or stolen by different humans.
However, such signals can at least be useful with humans
during a single visit. They may additionally be usetul device
signatures for humans with a personal computing device but
without an installed application and/or without a user-
account. For example, a human without installing a user
application on their smart device can have a smart device
passively Tfacilitate associating a CV-person to a device
instance and by association a user-record with purchase
history and payment information.

An active type of system-initiated associative mechanism
may be some user 1nstalled or initiated technology, which, in
some cases, can athrmatively link CV-people with a com-
puting device. This variation of system-initiated associative
mechanism may operate without explicit device usage by a
human while in the store. However, they may depend on
installing an application, installing or enabling a service.
Bluetooth LE beaconing, background app refresh, geofenc-
ing, GPS or relative GPS, other location services, and/or
other device functionality may expose signals by which a
device could be detected and associated with a user-record
Or user-account.

Use-initiated associative mechanisms can include an
associative mechanism dependent on user action. One varia-
tion can be device-based initiation. Other forms of user-
initiated associative mechanisms can be various forms of
user check-ins.

Some preferred associative mechanisms could include
detecting a human associated device instance S121 and/or
collecting real-time image data of a CV-person in the
environment and applying a form of biometric identification
S125, and/or receiving registration at a registration device
S126. Some preferred variations of detecting a human
associated device istance S121 can include: detecting a
device signature exposed by devices carried by a human
S122, detecting a device usage-mechanism explicitly or
implicitly enabled by a user S123, and establishing an
association during a pairing process of a device instance
S124.

Block S121, which includes detecting a human associated
device 1nstance, functions to use the presence of an 1denti-
flable device to establish an association. Block S121 will
generally mvolve: through a device identification system,
detecting a device instance coincident to the CV-person and
then selecting a user-record by an identifier of the device
instance. This functions to associate the CV-person, the
device instance, and the user-record. Here, the device
instance could be some human identifiable device such
personal computing device like a smart phone, a personal
computer, a wearable computer, and the like. The device
instance could alternatively be an instance of an application
installed on a device, a browser session, or any suitable
client detectable and associated with a user. In some varia-
tions, the device instance could be a shared environment-
installed computing device. A shared computing device will
have shared usage by multiple users at different instances. A
shared computing device may be directly used by the human
when establishing the association (e.g., an informational
kiosk or seli-checkout station). The shared computing
device may alternatively be used to serve a particular human
when establishing the association (e.g., a worker-statled
checkout station).
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Here, the condition of coincidence characterizes some
form of associated proximity, which could include spatial
proximity and/or temporal proximity. A device instance may
be spatially coincident when the device instance 1s detected
in a location that corresponds to a modeled location of the
CV-person. Detection of a device 1s preferably 1solated to a
particular region or location. This location can be mapped to
a corresponding location 1n the environmental model of the
CV-system. If a CV-person 1s detected 1n the corresponding
location, an association can be established between the
device and the CV-person. Depending on the spatial reso-
lution of either the device instance or the CV-person, dii-
terent thresholds of proximity may be used. In some cases,
gross spatial proximity (e.g., detected within 50 feet range of
cach other) can be suflicient such as when the pool of
possible candidate pairings of CV-people and device
instances 1s not high. A device may be temporally coincident
when the device instance 1s detected within a similar time
window. For example, 1T a device mstance 1s detected 1n the
environment within one minute of detection of a CV-person
then those could be paired.

In a crowded environment, device detection may occur at
multiple locations 1n an environment and a CV-person
association to a device instance can be established through
longitudinal analysis of past instances of device detection.
This can include looking at the tracked movements of a
device instance, analyzing the sets of candidate device
instances and CV-people, and/or using other suitable tech-
niques. For example, a device may be detected at the
entrance of a store. However, there may be multiple candi-
date CV-people so a confirmed association may not be
established 1nitially. The same device instance may be
detected at a second location. Even 1f the number of candi-
date CV-people 1s still large, the CV-people detected at the
entrance and the second location can narrow the candidate
CV-people.

Detecting a device istance may be used 1n identifying
and selecting a corresponding user-record associated with
the device instance. In one varnation, the device instance
may provide some distinguishing key or identifier by which
a user-record stored 1n association with that identifier can be
found and accessed. In this variation, the detection of a
device instance can be used to re-establish a previous
user-record. This accessed user-record can be merged with
or replace a current associated user-record.

Furthermore, a device mstance may be used 1n establish-
ing an association with a user-account. In some cases, the
application instance may be associated with a user-account
(e.g., i a human has signed into their account within the
application), wherein, establishing association to a device
instance will by association establish a user-account asso-
ciation. Accordingly, using a device instance to establish an
association with a user account may include authenticating
a user-account at the device instance; selecting a user-record
based on the user-account authenticated on the device
instance when the device mstance 1s detected. The comput-
ing platform will generally have access to the device
instance and therefore could map the user-account logged
into the particular device nstance with the CV-person.

Similarly, a device instance and/or an application instance
can facilitate human 1dentification and so may be establish
a validated association with a human. This human associa-
tion with the application instance can be transferred to an
association with a CV-person as well. For example, finger-
print 1dentification, facial identification, voice identification,
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or other forms of biometric 1dentification performed within
the application instance can establish human identity asso-
ciation.

Detection of a device instance may be performed through
a variety of approaches. As discussed above, the block S121
may include detecting a device signature exposed by devices
carried by a human S122, detecting a device-usage mecha-
nism explicitly or implicitly enabled by a user S123, and/or
establishing an association during a pairing process of a
device mnstance S124.

Block 5122, which includes detecting device signatures
exposed by devices carried by a human, functions to facili-
tate passive background device detection. Passive back-
ground device detection 1s preferably used in establishing an
association to a device instance through exposed commu-
nication device signatures. Device signatures preferably
include communication signals from a device that are gen-
erally unique to a device and therefore can be used to form
associations between a device mstance and a CV-person. A
device signature can be detectable properties or 1dentifiers
exposed over Wi-Fi, over Bluetooth, through MAC
addresses, through cellular signals, and/or other exposed
emissions. Block S122 can preferably operate as a system-
initiated associative mechanism, and may be used to assist
providing enhancement functionality to users even if they
are not registered or enrolled with a user-account. As a
user-mitiated association, the user may set some option to
enable (or disable) the user of device signatures. If a device
instance was previously associated with a device-record or
more preferably a user-account, then the device signature
can be used 1n establishing associations to other associative
clements. Block S123, which includes detecting device
usage mechanisms explicitly or implicitly enabled by a user,
functions to {facilitate user-enabled background device
detection. There are various options that, when activated by
a user, will facilitate automatic establishment of associa-
tions. In one variation, a user may explicitly enable geotfenc-
ing to automatically detect when they enter a store. In
another variation, a user may implicitly enable a detection
mechanism by registering a user-account to access Wi-Fi in
the environment. In another variation, a user may enable
kinematic monitoring for synchronizing human motion to
CV-person motion. These options may depend on a user
installing an application and/or enabling or confirming par-
ticular device permissions.

User-enabled background device detection can be per-
formed substantially similar to passive background device
detection described above. However, user-enabled back-
ground device detection may use detection approaches like
Bluetooth LE beaconing, background app refresh, geofenc-
ing, LED positioning, GPS, relative positioning in the envi-
ronment, and the like.

With techniques like Bluetooth beaconing and geofenc-
ing, the system may be actively notified when the device
instance 1s present 1n the environment. With knowledge of
the presence of a device instance, that device mstance and
previously associated humans, user-accounts, and/or user-
records may become candidates for associations with a
CV-person.

When using Bluetooth beaconing, detecting the device
instance can include detecting location and/or presence of an
identifiable device instance. The location information can be
matched to CV-people with corresponding locations as
shown 1 FIG. 8. When Bluetooth beaconing 1s used 1n
multiple locations, a CV-person can be mapped to and
associated with a device instance when there 1s a unique
correspondence of coincidence across a set of detection
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events. When there 1s only one CV-person 1n the region of
a first beacon during a first detection event, then the detected
device instance and CV-person can be associated. When
there are multiple people during multiple detection events, a
CV-person can be associated with the device mstance 1f the
CV-person 1s the uniquely present CV-person in the regions
of the various beacons at the time of the detection events.

When using location detection, detecting the device
instance can include detecting location of a device instance
within the environment, and associating the device instance
to a CV-person modeled with a corresponding location as
shown 1n FIG. 9. Multiple samples of location and/or the
change 1n location can additionally be used. In a manner
similar to the Bluetooth beaconing approach, sampling
across many regions can be used to reduce a pool of
candidate CV-people down to one selected CV-person.

In a kinematic monitoring variation, the method may
include, at the device instance, sensing device motion and/or
orientation. This device motion and/or orientation can then
be used 1n a variation where block S123 includes detecting
an associated device instance with device motion that sat-
1sfies a synchronization condition with activity of the CV-
person. In other words, motion of the device instance 1s
matched to CV-person motion. An inertial measurement unit
which can include accelerometers, gyroscopes, magnetom-
cters (for direction), and/or other sensors may detect motion
like walking motion, stops and stops, hand motion, body
orientation changes, and the like. By comparing these
actions to motion and orientation properties of a CV-person,
a CV-person can be linked to a corresponding device
instance. Use of motion as a synchronization mechanism
may be dependent primarily on coincidence in time and may
not factor in location though location can additionally be
used.

In one variation, establishing an association may initiate
confirming of the association, which functions to trigger
user atlirmation to establish an association. Confirming an
association can include requesting confirmation through
communication to a human (generally through a device
instance). In one variation, an association may include a
confirmed or possible association to a device instance. That
device mstance may have a communication address (e.g.,
phone number, application instance identifier, push notifi-
cation endpoint, etc.). A message or notification can be
transmitted to the communication address, and a human can
confirm or deny the request. Upon receiving aflirmative
confirmation, the method can proceed with establishing the
association. In another vanation, the possible association
may involve a user-record or a user-account, which may
have a configured communication address like a phone
number of application instance identifier. A message or
notification can be similarly transmaitted.

Confirmation may request explicit confirmation by a
human. For example, a human may receive a text message
saying, “Looks like you are at the supermarket. Replay 1 for
yes and 2 for no”. A confirmation may alternatively notify a
human but require explicit demal to cancel/prevent the
association. For example, a human may receive a push
notification saying “Enjoy your shopping experience today!
Select cancel 1f you recerved this in error”. A confirmation
may alternatively be automatically approved i1f a human
selects a user-account option to not confirm new sessions.
Confirmation could similarly be applied before performing
particular interactions that depend on an established asso-
ciation. For example, a user may receive a push notification
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on an application asking 1f they want to automatically push
checkout list information to a checkout station when they are
within proximity.

Block S124, which includes establishing an association
during a pairing process of a device instance, functions to
have a device or more preferably an application facilitate
establishment of an association. In some variations, a physi-
cal computing device may be designed to enter a pairing
mode or continuously perform some pairing action. The
pairing mode may be configured to generate an identifying
signal through a user interface output of the device instance.
As will be described below, the graphical display and
speakers may both generate signals usable to detect a device.
Similarly, sensed data may be collected and used during the
pairing mode. In other vanations, an application instance
installed on a user device can be actively mnvolved 1n
performing actions that may enable unique detection of that
application instance by the CV-system and thereby be asso-
ciated with a CV-person. Herein, the pairing process of an
application 1nstance 1s described but 1t similarly applies to a
device 1nstance.

The pairing process 1s preferably initialized when the
application mstance becomes active (e.g., 1s brought into the
foreground of a modal operating system). Activation of the
application instance can result 1n the application instance
registering the pairing state of the application 1nstance with
the CV monitoring system such that the CV monitoring
system can begin to cooperatively establish an association.
Once 1n the pairing mode, one or more signaling mecha-
nisms may be used. The examples of signaling mechanisms
can include use of a camera, a display or visual output, an
audio system, an inertial measurement unit (IMU), applica-
tion interactions, and/or stored data.

As shown in FIG. 10A, an application instance can use the
camera of the computing device to capture an 1image that can
then be used to determine position. In one variation, various
visual i1dentifiers (e.g., a QR code or data encoded image)
can be positioned throughout the store. Capturing image
data from the application can be used to determine the
position of the human operating the application when the
image data contains the visual identifier. In a related varia-
tion, the human operator of the application may be directed
to take a picture of a cart of selected items or some other
artifact, which can be used as an identifier.

In another variation, the camera may be activated in the
background with the goal of observing the scene. This
activation of the camera may be based on detected orienta-
tion of the device (e.g., 15 the device being held up by
human). Observations of the scene can act as a visual
signature that can be mapped to 1mages captured by the CV
monitoring system as another approach to locating the
device within the environment. For example, an application
instance may capture images while the user 1s using the
application. If an 1image of a shelf of 1tems 1s captured, that
image can be used to determine the location of the user
within the store and thereby associate the application
instance with a CV-person. Visual identifiers may be inte-
grated into the environment such as on the ground, ceiling,
shelving, walls, and the like to enhance mapping of visual
signatures and positioning within the environment.

As shown in FIG. 10B, an application instance can use the
display or other mechanisms for visual output 1n pairing an
application instance with a CV-person. In a preferred varia-
tion, the display of a smart device can be set to display a
visual 1dentifier. The visual 1identifier can be a static graphic
but could alternatively be a time variable visual display.
When displaying the wvisual identifier, the application
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instance communicates with the system so that detection of
that visual identifier by the CV-system can be associated
with the application instance. The imaging system used by
the CV momitoring system will preferably be able to 1identify
the displayed 1dentifier and map an appropriate CV-person to
the application instance. A visual i1dentifier could alterna-
tively be produced by other device elements such as an LED
light.

As shown 1n FIG. 10C, an application instance can use the
audio output 1 pairing an application instance with a
CV-person. An audio signal i1s generated with a unique
identifier. Detection of that audio signal can then be used to
determine location and then used in selecting candidate
CV-people. The audio signal 1s preferably in a frequency
range on the edge or beyond the hearing range of a human,
but could also be a sound audible by a human. In one
variation, the application instance generates the audio signal
and microphones distributed within the environment can
detect the audio signal. The microphones are associated with
a general region within the environment or may be used 1n
triangulating a more precise location. In another variation,
speakers distributed across the environment generate audio
signals that can be detected by an application instance. Each
speaker preferably produces a unique audio signal such that
the detected audio signal can be mapped to a positioned
speaker and/or a location. Detection of multiple audio sig-
nals may be used to triangulate a more precise location.

As shown m FIG. 10D, an application instance can use
movement of the device as detected by an 1nertial measure-
ment umt i pairing an application instance with a CV-
person. The inertial measurement umt can include a digital
accelerometer, gyroscope, magnetometer, and the like. Dur-
ing a pairing mode, the movements, orientation, and/or
direction can be monitored to establish human movements.
The CV monitoring system can similarly detect CV-person
movements for candidate CV-people. CV-people with cor-
responding movement patterns at a similar time can be
associated with the device instance.

As shown 1 FIG. 10E, an application instance can use
application interaction as a mechanism for pairing an appli-
cation instance with a CV-person. An application interaction
may be used by detecting human operation of the application
and using the CV monitoring system to detect candidate
CV-people performing similar actions. Application interac-
tion may be used passively, which preferably use normal
interactions with the application nstance as CV-detectable
actions. For example, the application instance may require a
human to perform a check-in action to use an automatic
self-checkout feature. The act of pulling out a smart device
and pressing a check-in button on the application instance
can be detected as actions performed by a CV-person.
Additionally, the timing of activating the check-in button as
detected by the application instance can be used to deter-
mine CV-people performing that action 1n synchronization
with that act.

During a pairing mode of the application nstance, block
S120 can include directing a physical action by the user and
detecting a corresponding physical action of the CV-person.
In matching the sensed motion at the device instance to
modeled motion of the CV-person, the device instance can
be associated with the CV-person. For example, Application
interactions may be actively directed by the application
instance where an application instance istructs a human to
perform some action or gesture such as waving his or her
hand, holding out the smart device, pointing at an object, or
any suitable action. These human gestures may be more
detectable than interactions with the application instance.
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The timing of the actions can be orchestrated by the appli-
cation instance. Additionally, the nature of action may be
controlled and changed to help in establishing the associa-
tion. For example, different types of actions may be directed
so that the type as well as location and timing can better
establish an association with high confidence. Device move-
ment as discussed above can similarly be used 1n combina-
tion with directed actions.

Establishing an association during a pairing process of a
device mstance may additionally or alternatively use col-
lected information from the application instance. When a
pairing mode 1s activated, preferably by the human, then the
system may begin using stored information associated with
the application 1instance and/or account to establish an
association. As one specific example, 1f a customer has
entered a shopping list into an application, then the CV
monitoring system can compare that shopping list to the
checkout lists of current CV-people. A CV-person detected
to have some subset of the shopping list may be associated
with that application mstance as shown 1 FIG. 10F. Shop-
ping history, favorited products, and/or other information
can similarly be used.

Block 5125, which includes collecting real-time 1mage
data of a CV-person in the environment and applying a form
of biometric 1dentification, functions to facilitate automatic
biometric analysis of a CV-person. A variety of types of
biometric 1dentification techniques may be used such as
facial identification, gait identification, retina 1dentification,
physical property identification (e.g., height, weight, gender,
etc.), and/or other forms of biometric 1dentification. Bio-
metric analysis may be used to establish a human association
when a unique human identity 1s determined. Automatic
biometric analysis may additionally establish associations
with other associative elements like a user-record.

As an alternative or additional approach to biometric
identification, biometric identification sensing capabilities
of a computing device may be used when a computing
device can be communicatively coupled and associated with
a CV-person (e.g., using one of the approaches above). This
variation can include, at the device instance, receiving
biometric 1dentification; and associating human identity
confirmation with the modeled person and user-record.
Receiving biometric 1dentification can act to confirm or
specily the human identity of the current user of the com-
puting device. Receiving biometric i1dentification could
include checking a fingerprint, facial pattern, voice, vital
sign (e.g., heart rate, respiration rate), and/or any suitable
biometric 1dentification. These may be provided on a per-
sonal computing device or some shared computing device
like a check-1n kiosk 1n the environment.

Block 5126, which includes receiving registration at a
registration device, functions to establish an association
during active registration of a user-record, user-account,
human, and/or application instance. The registration device
can be a kiosk or check-in station installed in the environ-
ment. The human will preferably perform some interaction
with the registration device to establish an association. The
mode of registering at the registration device can take many
forms such as swiping/scanning a card (e.g., a payment
card), presenting NFC device, QR code or barcode scanning,
biometric scanning, entering ol account credentials, entering,
a pin code, and/or any suitable action. A registration device
could additionally include biometric sensors for establishing
human associations. Some of these registration techniques
may not require possession of a device instance and/or other
physical tokens. This may provide an option for humans that
want to participate 1n the system without using a physical
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device. Location of the registration device(s) and proximity
of a CV-person during the time of registration can be used
to associate with a CV-person. In one alternative, the method
may use registration regions where some registration can
occur without a physical registration device. 5

The mechamism for establishing an association can be one
or more of the mechanisms described herein. In some cases,
multiple association mechanisms are used in combination to
narrow a pool of candidate CV-people to a single confirmed
CV-person. The method can additionally redundantly con- 10
firm associations as a form of multi-factor authentication to
enhance accuracy, reliability, and/or security. In one varia-
tion, establishing an association can include progressively
attempting a sequence of association mechanisms. When
one association mechanism does not succeed, a backup 15
association mechanism can be used. The sequence of asso-
ciation mechanisms may start ofl with less intrusive user
experiences and then escalates to association mechanisms
with higher reliability but possibly more reliance on human
participation. In one example shown 1n FIG. 11, establishing 20
an association to an application instance can initialize by
passively using the location of the application instance and
identification of a displayed static graphic. If an association
1s not established, then the application may escalate to
displaying an animated graphic with instructions to hold 25
their phone outwards with display up. If an association 1s not
established again the application instance can start an
audible jingle while flashing an LED light. If an association
1s still not established, the application instance can direct the
user to use a check-1n station. From the user perspective, this 30
pairing process can be presented as a seamless pairing
process that slowly builds up. Ideally, an association 1s
established quickly so that most users do not experience the
more obvious association mechanisms.

There may also be diflerent modes of associations that 35
may depend on the associative elements, mechanism for
establishing associations, and/or user selected options.
There could be an anonymous association where a CV-
person 1s treated as a generic user. There could be an
incognito association mode, where mformation and capa- 40
bilities enabled by associations to a user-record, user-ac-
count, application record, and/or a human may be used but
where the session 1s not committed to the data records of
those associations within the system. There could also be
vartous forms of confirmed identity associations. For 45
example, an association can be an association with con-
firmed human-identity wherein secure permissions can be
enabled such as those that traditionally require review of
form of physical identification.

Associations are preferably established prior to perform- 50
ing some action requiring permission confirmed through the
association. In a preferred implementation, associations are
established 1n response to nearing or entering an environ-
ment. However, the method can support retroactively apply-
ing an association. As an illustration of the flexibility 1in 55
establishing an association, the method can support estab-
lishing an association immediately prior to the human enter-
ing the store and being acquired as a CV-person, immedi-
ately before a transaction during an automatic selt-checkout,
and/or 1n conjunction with the transaction. Associations can 60
additionally be built up during the duration of the time that
the human 1s 1n the environment, wherein establishing an
association can include wherein establishing an association
through multiple associative mechanisms performed at dif-
terent locations and times 1n the environment. For example, 65
a CV-person may mitially be associated with a user record,
then an application instance can be added and then a human
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association. Associations can additionally happen after a
CV-person has left the store where actions like a billing
transaction can happen in absentia. This can even happen
over multiple visits to the environment by a human. For
example, a shoplifter that later creates a user-account may
have previous activities and 1illicit behavior retroactively
associated with the new user-account.

Block S130, which includes directing the user interaction
experience at least i part based on the combination of the
modeled person of the computer system and at least the
user-record functions to apply the established association in
augmenting one or more process of the CV-based computing
system. Once an association 1s established the information
and capabilities of the different associated elements may be
used cooperatively. At some level, block S130 1s used to
coordinate the modeled state of a CV-person with state at
another associated element.

A CV-person association can use data in enhancing CV
processing of 1mage data and similarly extract information
that can be provided to associative elements.

A user-record and/or user-account can accept information
from other associated elements 1 building up a data profile.
The information of the user-record and/or user-account can
be used i enhancing operation of the CV-system and/or
other devices such as an application 1nstance or a connected
device within the environment.

A device or application association may be able to use the
extracted information from the CV momitoring system. The
device and application will additionally have some state or
data that can be synchronized with associated elements. The
device or application can also expose an interface for
receiving user input or using other device features such as
the camera, biometric authentication elements, and the like.
A device association can additionally enable a token-based
form of authentication for setting privileges.

A human association preferably provides a biometric
factor of authentication, which can be used to enable various
permissions and privileges. A human association can prei-
erably provide a more human specific level of authentication
than a device or application association.

An association 1s preferably applied by exposing data
and/or state of at least one associative element to a second
associative element. Within the automatic self-checkout use
case, an association of a CV-person to a user-record can
expose data records stored in connection to the user-record
such as shopping history, payment information, and user
settings. Having access may enable automatic billing of
detected actions of a CV-person during a checkout transac-
tion. Shopping history, shopping lists, and/or other informa-
tion can similarly be accessed and used by the CV moni-
toring system to enhance CV-based predictions. User
settings, configuration, and preferences may be set 1n asso-
ciation with a user-account. However, even anonymous
users with only a user-record can have the option of setting
personalized configuration such as privacy settings. For
example, any user may be enabled to approach a device
instance installed 1n the environment such as a help kiosk or
checkout kiosk, and 1n synchromizing the user-record with
the state of that device instance settings linked to that
user-record can be modified while the user 1s present at that
device 1nstance.

Three preferred variations of directing the user interaction
experience can include enforcing permissions set through
the association S132, synchronizing state at a device
instance with the CV monitoring system S134, and/or con-
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trolling a connected device within the environment 1n coor-
dination with a CV-person and at least one associated
clement S136.

Block S132, which includes enforcing permissions set
through the association, functions to enable, disable, or alter
functionality 1n coordination with properties of association.
Different associative elements and/or modes of establishing
an association can be used to set permissions for an inter-
active experience. Accordingly, permissions can be set 1n
based 1n part on properties of established associations. In
one variation permissions are based on the association
topology. For example, some permission may depend on
validated human 1dentity or validated device istance detec-
tion. In other vaniations, permissions may be set for particu-
lar associative elements such that establishing an association
with that associative element can enable that permission
setting. Setting a permission can include granting or with-
holding a permission/privilege setting.

Permissions within a CV-based computational application
for commerce can be used to enable purchases of controlled
substances like alcohol, tobacco, firearms, medications, lim-
ited purchase 1items (e.g., pseudoephedrine), and other 1tems.
Permissions can also be used for business practice restric-
tions such as limiting a customer to purchasing a specified
number of a sales item. Permissions can also be used in other
use cases to restrict or permit access to different regions of
the environment, interaction with different objects, auto-
matic security line processing, or regulating any action
observed through the CV monitoring system.

In one implementation, some subsets of permissions may
additionally include human validation. For example, the use
of controlled substances may require worker validation of an
identification document such as a driver’s license. The
setting of these privileges once established can be main-
tained for a set duration such as while the human 1s within
the environment. For example, a shopper may be alerted to
show their ID to a worker after they add alcohol to their cart.
Similarly, a worker could be notified of a shopper that has
a pending validation, and the worker could be directed to the
shopper to complete validation. Checking an ID i1s one
illustrative example of temporarily attaching a permission to
an association. Permissions can additionally be validated by
automatically validating credentials. For example, a driver’s
license can be scanned. Additionally, the facial imagery of
the license can be compared to facial biometrics of the
CV-person. As another option, a physical token such as an
RFID card key could be used to validate credentials. Other
forms of permissions and validation processes can similarly
be used.

As one exemplary process supporting commerce involv-
ing controlled substances, a multi-stage process can estab-
lish verified identity thereby enabling associations with
validated permissions. The process can be used 1n combi-
nation with the method of the preferred embodiment and can
include: receiving a document of human identification,
prompting permission validation, receiving validation of
human 1dentification, and attaching that validation to an
associative element as shown 1n FIG. 12. When an associa-
tion 1s later confirmed with that associative element then that
CV-person can be granted permissions to perform actions
requiring those permissions such as purchase alcohol. In one
variation, the permissions are attached to a human associa-
tion wherein biometric identification of the human 1s needed
to permit purchase ol controlled substances. In another
variation, the permissions can be attached to physical token
such as an application instance or RFID card.
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Receiving a document of human 1dentification preferably
includes receiving an i1mage or taking a picture of the
document. For example, a user can use an application to take
a picture of the front and back of a driver’s license. Auto-
matic validation of the document may be applied. Then the
application may instruct the human to validate the document
on the next visit to enable the permissions. The worker can
then perform human-level validation of the document of
human 1dentification and approve the permission validation
from a worker-controlled system.

In one implementation, a subset of permissions may be
validated once and used during subsequent sessions. In some
cases, the permissions can be preserved indefinitely, while 1n
other cases, the permissions may expire based on certain
conditions. One-time validation can similarly use the
approaches discussed above. Once validated, permissions
can be added to a user-record for subsequent use.

Permissions can additionally be conditionally revoked or
reduced based on rules for maintaining associations. Basic
rules may be set based on various conditions. For example,
an association may expire aiter a certain amount of time.
Permissions could alternatively be revoked based on CV-
based detection of different conditions. For example, detec-
tion of a CV-person exhibiting unusual behavior (e.g.,
irregular behavior, elevated noise, excessive disruption to
objects), consuming a number of drinks above a threshold,
or crossing do-not cross lines may be used in detecting
intoxication i which case permission for a purchase of
controlled substances can be revoked. This could potentially
be used to automatically enable alcoholic beverages to be
sold while adhering to laws and regulations. Other exem-
plary conditions may be based on the account balance or
state of payment information. Revocation and/or reduction
of permissions may be permanent, restored through an
external event, and/or restored after some passage of time or
another condition.

Block S134, which includes synchronizing state at a
device mstance with the CV monitoring system, functions to
relay information between a device imnstance and a CV
monitoring system. This synchronization with the CV moni-
toring system preferably synchronizes data specific to the
CV-person and/or device instance. Data and information can
flow 1n one direction from one associative element to
another, but data and information could similarly flow 1n
multiple directions between associative elements. As the CV
monitoring system will preferably be used simultaneously
by multiple distinct humans, this synchronization enables
personalized interaction with the CV monitoring system
while simultaneously sharing the CV monitoring system
with multiple users.

In one vanation, information from the device instance or
application mstance can be synchronized with the CV moni-
toring system to enhance CV analysis, alter business logic,
and/or otherwise alter the interactive experience for a
human. This variation may include receiving user input
communicated from the device istance, and then executing
the user 1nteractive experience based 1n part on the combi-
nation of modeled state of the CV monitoring system and the
user mput.

In another varnation, immformation generated by the CV
monitoring system can be communicated to the application
instance. In this variation, block S134 can include commu-
nicating modeled state of the CV monitoring system to the
device mstance. For example, the checkout list of a CV-
person could be communicated to an application instance. In
some cases, the method can support conflict resolution
between a CV momitoring system model and user applica-
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tion model. For example, 1t a user deletes a product from a
checkout list from a user application, but the CV monitoring
system still predicts the user possesses that object, some rule
may be used to resolve the contlict.

Block S136, which relates to S134 and includes coordi-
nating with a secondary device, functions to control an
environment-controlled device 1n response to an association
and the CV-person. This 1s a vanation of block S134 where
the computing device 1s a secondary computing device
present 1n the environment. The secondary device can be a
kiosk, computing station, networked smart device (e.g.,
smart lock, smart lights, smart scales, etc.), and/or any
suitable computing device. The secondary device 1s gener-
ally a device installed and provided by the environment such
that there 1s no human-specific association (1.e., multiple
humans may interact with the secondary device). Block
S136 can include detecting the secondary device n prox-
imity of the CV-person and synchronizing state between the
association of the CV-person and the secondary device. As
with Block S134, this may include communication of state
and data to and from the secondary device as shown 1n FIG.
13. The secondary device can be detected based on spatial
proximity. In one variation a proxy interface device may be
used as an accessible computing device to interface with a
target computing device (e.g., a checkout station) as shown
in FIG. 14. The secondary device proximity may alterna-
tively depend on detecting interaction with the secondary
computing device and then identitying a predicted CV-
person responsible of that interaction.

Coordinating interactions with a secondary device can be
used to enable functionality where a human can approach a
computing device and the device can automatically custom-
ize 1ts state for the human. This may similarly be used for
automatically logging-in to a user account based on the
permissions. But can additionally {facilitate interactions
where a user without a user-account can walk up to a kiosk,
and the kiosk automatically provides information obtained
by the CV-system. Similarly, a user could provide mput to
the CV monitoring system as actions performed through the
secondary computing device can be communicated to the
CV monitoring system as input uniquely associated with that
human.

In one use case this may be used to automatically com-
municate a generated checkout list associated with a user-
record to a checkout station. In another use case this could
be used to automatically communicate payment mechanism
credentials to execute a financial transaction as shown 1n
FIG. 14.

In practice the method 1s preferably executed throughout
the time a human 1s present in the environment. Accordingly,
when the human enters the environment subject to monitor-
ing by the CV monitoring system, a CV-person can be
detected. In one variation, detection of a CV-person can
trigger an association establishment process. If an associa-
tion can be established and if that can be used to select an
existing user-record/user-account, then that can be associ-
ated with and used for that CV-person. If an association
cannot be established or i no user-record/user-account
exists for an associative element, then a new default user-
record can be created and used. In the event a later estab-
lished association, identified a previously unknown user-
record or user-account, then the current user-record can be
reconciled with the newly established one. In one 1mple-
mentation, multiple user-records and user-accounts may be
maintained separately until some condition triggers merg-
ing/reconciliation. In some cases, an association may be
established with low confidence and therefor merging a
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linked user-record may be undesirable until more confidence
1s established. Greater confidence 1n user-record/user-ac-
count associations can be established through more robust
associative mechanisms and/or when multiple associations
indicate similar associations.

In general, establishing an association may be performed
as a person enters an environment. However, the method
may similarly be applied across an environment such that
modeling of a person can be resilient to interruptions in
tracking of a CV-person. For example, a shopper may have
selected 1items monitored after entering the store. Tracking
of that person may be interrupted when the shopper enters an
unmonitored space such as a bathroom. When the shopper
reenters a monitored space, the reestablishment of an asso-
ciation with an i1dentifying associative element can enable
the previous user-record to be bridged to this new CV-
person.

The method 1s preferably applied across multiple partici-
pants simultaneously such that associations are appropri-
ately created for different people in the environment. As
shown 1n FIG. 16, the method when applied across multiple
participants could alternatively be described as including:
detecting multiple CV-people 5210, detecting multiple asso-
ciative elements through at least on associative mechanism,
5220, establishing associations by matching a CV-person
and an associative element S230, and directing user inter-
action based on combined data modeling state of a set of
associated elements S240. The variations described above
for blocks S110, S120, and S130 can similarly be applied 1n
this approach. The filtering of candidate CV-people and
identifying associative elements can be facilitated by per-
forming multiple instances of establishing an association.
Different associations performed using different mecha-
nisms, at different times, and at different locations can act to
1solate unique matches between a CV-person and 1dentifying
associative elements. In practice, a computing platform 1s
simultaneously momnitoring the environment for potential
associations. When one 1s found the computing platform
evaluates that association to i1dentily candidate associations
and potentially unique pairings of associative elements. A
longitudinal history of candidate associations can be evalu-
ated along with new candidate associations, which may
facilitate resolving to a single unique association.

The above variations of the method could similarly be
applied. Furthermore, different techmques may be applied
for different users within an environment depending on
different scenarios. For example, one user may have one
associative mechanism employed to establish one or more
associations, while a second user may have a second asso-
ciative mechanism employed to establish a different set of
associations.

The systems and methods of the embodiments can be
embodied and/or implemented at least in part as a machine
configured to receive a computer-readable medium storing
computer-readable instructions. The instructions can be
executed by computer-executable components integrated
with the application, applet, host, server, network, website,
communication service, communication interface, hard-
ware/lirmware/soltware elements of a user computer or
mobile device, wristband, smartphone, or any suitable com-
bination thereof. Other systems and methods of the embodi-
ment can be embodied and/or implemented at least 1n part as
a machine configured to receive a computer-readable
medium  storing computer-readable 1nstructions. The
instructions can be executed by computer-executable com-
ponents integrated with apparatuses and networks of the
type described above. The computer-readable medium can
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be stored on any suitable computer readable media such as
RAMs, ROMs, tlash memory, EEPROMs, optical devices

(CD or DVD), hard drives, or any suitable device. The
computer-executable component can be a processor, but any
suitable dedicated hardware device can (alternatively or
additionally) execute the instructions.

As a person skilled in the art will recognize from the
previous detailled description and from the figures and
claims, modifications and changes can be made to the
embodiments of the mvention without departing from the
scope of this invention as defined 1n the following claims.

We claim:

1. A method comprising;

through a computer vision monitoring system, detecting

and tracking a computer vision modeled person within
an environment;

establishing an association between the computer vision

modeled person and a user-record through use of a

shared computer kiosk in the environment, which com-

Prises:

receiving registration of the user-record at the shared
computer kiosk, and

during a time of registration of the user record, detect-
ing the shared computer kiosk being coincident 1n
proximity to the computer vision modeled person
and thereby associating the computer vision modeled
person and the user-record; and

augmenting a user interaction experience based 1n part on

the combination of the computer vision modeled person
and the user-record.

2. The method of claim 1, further comprising establishing
a second association between the computer vision modeled
person and a personal computing device, which comprises
detecting the personal computing device instance with coin-
cident proximity to the computer vision modeled person and
associating the computer vision modeled person, the per-
sonal computing device, and the user-record.

3. The method of claim 1, establishing a second associa-
tion between a personal computing device and the computer
vision modeled person which comprises authenticating a
user-account 1n the personal computing device, wherein the
user-account 1s associated with the user-record.

4. The method of claim 1, wherein augmenting the user
interaction experience comprises communicating a modeled
state of a checkout list of the computer vision modeled
person to an application instance of a personal computing
device when the application instance 1s associated with the
user-record.

5. The method of claim 4, wherein augmenting the user
interaction experience lurther comprises receiving user
input on the application instance to delete a product from the
checkout list and resolving a conflict between the computer
vision model of the checkout list and the application
instance model of the checkout list.

6. The method of claim 1, further comprising receiving
user mmput communicated from the personal computing
device associated with the user-record; and wherein aug-
menting the user interaction experience comprises executing,
the user interactive experience based 1n part on the combi-
nation of modeled state of the computer vision monitoring,
system and the user input.

7. The method of claim 2, wherein detecting the personal
computing device comprises detecting a device signature
through wireless communication.

8. The method of claim 2, wherein detecting the personal
computing device comprises detecting location of the per-
sonal computing device within the environment.
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9. The method of claim 2, wherein detecting the personal
computing device comprises entering the personal comput-
ing device mto a pairing mode configured to generate an
identifving signal through a user interface output of the
personal computing device.

10. The method of claim 2, wherein detecting the personal
computing device comprises, at the personal computing
device, directing a physical action of the user and detecting
a corresponding physical action of the modeled person and
thereby associating the personal computing device with the
computer vision modeled person.

11. The method of claim 2, further comprising, at the
personal computing device, sensing device motion using an
inertial measurement unit of the personal computing device
and wherein establishing the second association between the
computer vision modeled person and the personal comput-
ing device comprises detecting the personal computing
device having device motion that satisfies a synchronization
condition with computer vision modeled person activity.

12. The method of claim 2, further comprising at the
personal computing device receiving biometric identifica-
tion; and associating human identity confirmation with the
computer vision modeled person and user-record.

13. The method of claim 2, further comprising establish-
ing a third association between the computer vision modeled
person and a human 1dentity, which comprises biometrically
identifyving a human through the computer vision system and
associating a human 1identity with the computer vision
modeled person, the personal computing device, and the
user-record.

14. The method of claim 2, further comprising, prior to
establishing the second association between the computer
vision modeled person and the personal computing device,
requesting confirmation of the association of the personal
computing device, and establishing the second association

upon recerving aflirmative confirmation of the association.

15. The method of claim 1, wherein the user-record 1s an
anonymous user-record.

16. The method of claim 1, wherein receiving registration
ol the user-record comprises, at the shared computer kiosk,
authenticating account credentials associated with the user-
record.

17. The method of claim 1, further comprising setting
permissions based 1n part on properties of established asso-
ciations with the CV-person; and wherein augmenting the
user 1interaction experience comprises enforcing permissions
during the user interaction experience.

18. The method of claim 1, further comprising: receiving
a document of human identification; prompting permission
validation; recerving validation of human 1dentification; and
wherein augmenting the user interaction experience com-
prises permitting actions based 1n part on the validation.

19. The method of claim 18, wherein permitting actions
based in part on the validation comprises enabling purchase
ol restricted items.

20. The method of claam 18, wherein the validation of
human 1dentification validates age of the computer vision
modeled person.

21. The method of claim 1, wherein receiving registration
of the user-record at the shared computer kiosk comprises
scanning a card.

22. The method of claim 21, wherein the card 1s a payment
card.

23. The method of claim 1, wherein receiving registration
of the user-record at the shared computer kiosk comprises
reading a near field communication (NFC) device.
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24. The method of claim 1, wherein receiving registration
of the user-record at the shared computer kiosk comprises
reading a graphical code.

25. The method of claim 1, wherein receiving registration
of the user-record at the shared computer kiosk comprises
reading biometric information.

26. The method of claim 1, wherein establishing the
association between the computer vision modeled person
and the user-record occurs at an entrance of the environ-
ment.

27. The method of claim 1, wherein establishing the
association between the computer vision modeled person
and the user-record occurs at an entrance of the environ-
ment.

28. The method of claim 1, wherein augmenting the user
interaction experience further comprises communicating
modeled state of a checkout list of the computer vision
modeled person to the shared computer kiosk.
29. The method of claim 28, wherein augmenting the user
interaction experience lurther comprises receiving user
input at the shared computer kiosk to delete a product from
the checkout list on the shared computer kiosk, and resolv-
ing a contlict between the computer vision model of the
checkout list and the checkout list on the shared computer
kiosk.
30. The method of claim 1, further comprising receiving,
user mput at the shared computer kiosk; and wherein direct-
ing the user interaction experience comprises executing the
user mteractive experience based 1n part on the combination
of modeled state of the computer vision momitoring system
and the user mnput.
31. A system comprising;:
one or more computer-readable mediums storing nstruc-
tions that, when executed by the one or more computer
pProcessors, cause a computer vision monitoring com-
puting platform to perform operations comprising:

detecting and tracking a computer vision modeled person
within an environment;

establishing an association between the computer vision

modeled person and a user-record through use of a

shared computer kiosk 1n the environment, which com-

Prises:

receiving registration of the user-record at the shared
computer kiosk, and

during a time of registration of the user record, detect-
ing the shared computer kiosk being coincident 1n
proximity to the computer vision modeled person
and thereby associating the computer vision modeled
person and the user-record; and

augmenting a user mnteraction experience based in part
on the combination of the computer vision modeled
person and the user-record.
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32. The system of claim 31, wherein rece1ving registration
of the user-record at the shared computer kiosk comprises
scanning a card.

33. The system of claim 31, wherein the card 1s a payment
card.

34. The system of claim 31, wherein rece1ving registration
of the user-record at the shared computer kiosk comprises
reading a near field communication (NFC) device.

35. The system of claim 31, wherein receiving registration
of the user-record at the shared computer kiosk comprises
reading a graphical code.

36. The system of claim 31, wherein receiving registration
of the user-record at the shared computer kiosk comprises
reading biometric information.

37. A non-transitory computer-readable medium storing,
instructions that, when executed by one or more computer
processors of a computer vision monitoring computing
platform, cause the computing platiorm to perform opera-
tions ncluding:

detecting and tracking a computer vision modeled person

within an environment;

establishing an association between the computer vision

modeled person and a user-record through use of a
shared computer kiosk in the environment, which com-
Prises:

recerving registration ol the user-record at the shared

computer kiosk, and

during a time of registration of the user record, detecting

the shared computer kiosk being coincident in proxims-
ity to the computer vision modeled person and thereby
associating the computer vision modeled person and
the user-record; and

augmenting a user interaction experience based 1n part on

the combination of the computer vision modeled person
and the user-record.

38. The non-transitory computer-readable medium of
claim 37, wherein recerving registration of the user-record at
the shared computer kiosk comprises scanning a card.

39. The non-transitory computer-readable medium of
claim 37, wherein the card i1s a payment card.

40. The non-transitory computer-readable medium of
claim 37, wherein receiving registration of the user-record at
the shared computer kiosk comprises reading a near field
communication (NFC) device.

41. The non-transitory computer-readable medium of
claim 37, wherein receiving registration of the user-record at
the shared computer kiosk comprises reading a graphical
code.

42. The non-transitory computer-readable medium of
claim 37, wherein recerving registration of the user-record at
the shared computer kiosk comprises reading biometric
information.
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